Abstract: Polyaniline (PANI) composites containing silver chloride (AgCl) embedded on gelatin were prepared via the chemical polymerization of aniline hydrochloride employing ammonium persulfate as an oxidant in the presence of silver nitrate and gelatin. X-ray diffraction patterns showed the crystalline nature of PANI/AgCl was increased by the incorporation of gelatin, where gelatin acts as a structure-directing template and induces a highly oriented growth of PANI over its surface. Conductivity studies showed the enhanced conductivities for PANI/gelatin-AgCl compared to PANI/AgCl. The enhancement of conductivity seems to be due to the formation of uniform crystalline composites by the incorporation of gelatin. The gelatin might act as a stabilizer to inhibit the agglomeration of AgCl and PANI, and therefore resulted in uniform surface morphology with a good crystallinity.
Introduction
The development of organic/inorganic composite materials has been recognized as a potential and cost-effective method for generating new materials with improved mechanical, electrical or catalytic properties, and also with new functions.
1-3
Among various organic materials, the composite materials prepared by using conducting polymers have attracted a great concern because of their potential applications in supercapacitors, electrostatic discharge, light-emitting diodes and sensors. [4] [5] [6] Polyaniline (PANI) belongs to the class of conjugated conducting polymers and has received significant attention because of its interesting redox behavior, processability, environmental stability, and reversible control of electrical properties via charge transfer doping and protonation. [4] [5] [6] The π-conjugated backbone structure and imine groups of PANI can stabilize other polymer/metal ion in an aqueous medium by π-π interactions, hydrophilic interactions, and steric effects. Several methodologies have been developed for the preparation of nanostructured PANI in the form of dispersions, nanowires, nanofibers and nanotubules.
7-9
Among inorganic nanoparticles (NPs), silver halides are photosynthetic materials and are extensively used as source materials in photographic films, photocatalysts, and semicon- † To whom correspondence should be addressed. E-mail: chemhds@inje.ac.kr ©2017 The Polymer Society of Korea. All rights reserved.
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ductors. 10 The properties of silver chloride (AgCl) and PANI resulted in an increased motivation for the synthesis of composite materials with improved electrical performances and sensing properties. 11, 12 The general synthesis of AgCl results in agglomeration of formed nanoparticles. So the previous studies added polymers during the synthesis of PANI/AgCl, where the added polymer serves as a stabilizer to prevent agglomeration of nanoparticles. [10] [11] [12] It is reported that the combination of biodegradable and conducting polymer could enhance the electrical conductivity and biodegradability quite significantly.
13,14
Gelatin is a high molecular weight water-soluble, biodegradable polymer and is a key hydrocolloid used as a gelling agent in photography, pharmaceuticals, food and cosmetics because of its useful properties such as inherent biodegradability in physiological environments, high melting, gelling point, and thermo-reversibility. 15, 16 Thus the use of gelatin could help to inhibit the agglomeration of AgCl nanoparticles, act as a stabilizer and increase the biodegradable properties of the composite materials.
In the present work, we report the synthesis of PANI composites with AgCl-gelatin, wherein the aniline is polymerized in the presence of AgCl embedded on the gelatin surface using ammonium persulfate as an oxidizing agent. The materials were characterized by Fourier transform infrared (FTIR) and UV-visible spectroscopy, and X-ray diffraction (XRD) and scanning electron microscope (SEM) analyses. The temperature-dependent direct current (DC) conductivity of the synthesized composites was measured in the range of 300-500 K.
Experimental
Materials. Aniline hydrochloride (99%, C 6 H 7 N·HCl), silver nitrate (AgNO 3 ), ammonium persulfate (99%) (APS), gelatin from porcine skin (gel strength 300, Type A) and other reagents were purchased from Sigma-Aldrich, USA and used as received.
Preparation PANI/Gelatin-AgCl Composites. In a typical synthesis, calculated amount of AgNO 3 and 300 mg of gelatin were taken in 50 mL of deionized water and stirred for 1 h to obtain uniform solution. To this solution, 1.29 g of C 6 H 7 N·HCl was slowly added and stirred for 30 min. Then the APS solution in 50 mL of deionized water was slowly added to the above mixture for a period of 30 min. After complete addition, the reaction was performed for 5 h at ambient temperature. The reaction mixture was filtered and washed with an excess of hot deionized water and acetone to remove unreacted materials and oligomers. The resultant PANI/gelatin-AgCl powder was dried until constant weight in a vacuum oven at 60 o C. In the present work 0.1, 0.2 and 0.3 M concentration of AgNO 3 were used to prepare PANI/gelatin-AgCl composites, and they are hereafter denoted for the simplicity as PANI/gelAgCl-1, PANI/gel-AgCl-2 and PANI/gel-AgCl-3, respectively. For comparison, PANI/AgCl composite with 0.1 M AgNO 3 was prepared by a similar procedure without use of gelatin.
Characterization. Fourier transform infrared (FTIR) analyses were obtained using Varian 1000 FTIR spectrometer (Scimitar series, Varian Inc., USA) at a resolution of 4 cm -1 and 40 scans were signal averaged in the range of 600-4000 cm . Xray diffraction (XRD) profiles of powder samples were registered on a D8 Advance X-ray diffractometer (Bruker AXS, Germany) with CuKα radiation (λ=1.54 Å) at a scan speed of 0.
. The morphologies of samples were carried out using SEM (COXEM, CX-100 model). The powder sample was sputtered on a carbon disk with the help of double-sided adhesive tape and sputtered with gold to minimize charging problems. TEM measurement for polymer samples was carried out with JEOL JEM-2010 instrument. DC electrical measurements were obtained by four-point probe technique using Keithley 6220 constant current source and Keithley 2182A digital electrometer. For conductivity measurements, the powder samples were pressed to pellets of 1-2 mm thickness and 10 mm diameter by applying a pressure of 90 MPa using a hydraulic press. The thickness of pellets was measured using a micrometer screw gauge. The pellets were coated with silver paste on either side of the surfaces to reduce contact resistance. The copper electrodes are used to obtain better electrical contacts.
Results and Discussion
Schematic representation for the synthesis of PANI/gelAgCl polymer composites was shown in Scheme 1. Briefly, AgNO 3 and gelatin were dissolved in aqueous media and stirred for 1 h. AgNO 3 in water is dissociated into Ag the Ag + ions on gelatin react with Cl -in aniline hydrochloride to form AgCl. The formed AgCl and aniline is adsorbed on the surface of gelatin nanofibers. Thus the gelatin act as a stabilizer and nucleating surface for AgCl and aniline, thus inhibit agglomeration of composite materials. Then the initiator APS was slowly added to the reaction mixture to initiate the polymerization of aniline to form PANI. During the polymerization, PANI grows on the surface of AgCl embedded gelatin nanofibers to form nanocomposites of PANI/gel-AgCl. Figure 1 shows the FTIR spectra of gelatin, PANI/AgCl and PANI/gel-AgCl-1 composites. The FTIR spectra of all the PANI/gel-AgCl composites are similar, so PANI/gel-AgCl-1 is shown as a representative spectrum. The FTIR spectrum of gelatin shows the prominent peaks at 3320 and 2850 cm . A sharp peak at 810 cm -1 is assigned to C-H out of the plane bending of the para di-substituted benzene rings. 18 Thus the presence of these prominent peaks of polyaniline confirms the formation of PANI/AgCl. The spectrum of PANI/gel-AgCl-1 shows the transmission bands originated from both PANI/AgCl and gelatin. The exact differentiation of peaks of gelatin and polyaniline is not possible because of the presence of prominent absorption bands at similar wavenumbers. Shifting of absorption peaks is observed in ternary composites compared to PANI/AgCl suggests the formation of composites. Figure 2 shows the UV-Vis spectra for PANI/AgCl and PANI/gel-AgCl composites. The absorption spectra of PANIAgCl and PANI/gel-AgCl composites show two peaks; one 
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appears between 260-350 nm and the other between 600-700 nm. The broad peak observed at 260-350 nm corresponds to both AgCl and polyaniline. The PANI shows peaks at 200-300 nm (π→π * transition) and 250-320 nm (polaron-π transition), whereas silver salts show an absorption peak at 330-360 nm. Also PANI shows a peak at 600-700 nm corresponding to the formation of an intermolecular charge-transfer exciton.
19 Figure 3 shows the SEM images of PANI/AgCl and PANI/ gel-AgCl composites. The SEM image of PANI/AgCl shows agglomerated lump like structures. During the polymerization process, the polymerized PANI particles appeared to be coated on the surface of AgCl resulting into such morphology of PANI/AgCl. PANI/gel-AgCl-1 shows nanofibrous morphology. The inclusion of gelatin during the polymerization resulted in the fibrous morphology of the composite materials because the gelatin acted as a stabilizer and provides the nucleating sites for AgCl and aniline, where the polymerization of PANI took place and led to more uniform morphologies. Similar observations were observed by the use of PVP in the synthesis of PANI/AgCl in previous reports. [10] [11] [12] The surface morphology of PANI/gel-AgCl-2 and PANI/gel-AgCl-3 composites shows similar morphology as that of PANI/gel-AgCl-1.
The SEM results support that the incorporation of gelatin prevents the agglomeration of AgCl and PANI and forms uniform nanofibrous morphology. Figure 4 (a-d) shows the TEM images of PANI/AgCl, PANI/ gel-AgCl-1, PANI/gel-AgCl-2, and PANI/gel-AgCl-3 composites. The TEM image of PANI/AgCl in Figure 4 (a) shows spherical-particle like structures with dark and gray regions. The diameters of these dark and gray spherical structures are between 10-20 nm. The TEM image of Figure 4 (b-d) also show particle like morphologies with a particle diameter of 30-50 nm. The TEM images of PANI/gel-AgCl-2 composite contain agglomerated particles along with fiber like structures (the left corner of the Figure 4(c) ) on which it appears as though some small nanoparticles have attached on the surface of the fiber and these smaller nanoparticles are probably AgCl. Similarly, the TEM images of PANI/gel-AgCl-3 is also similar to PANI/gel-AgCl-2 composite. The dark colored regions are 
, and (400) planes, respectively. These diffraction patterns confirm the presence of AgCl and are in good agreement with JCPDS No. 06-0480. By incorporation of gelatin, the peaks become more intense because the gelatin acts as template for the nucleation of aniline and induces the formation of ordered PANI. 20, 21 With increasing the concentration of AgCl, the diffraction patterns of PANI/gel-AgCl-2 and PANI/gel-AgCl-3 composites becomes narrower because of predomination effect of AgCl and the relative intensity of PANI diffraction peaks decreases. The result of the diffraction studies shows that the crystalline nature was increased by incorporation of gelatin to the PANI/AgCl composites. Figure 6 (a) represents the variation of electrical conductivity with temperature for PANI/AgCl and PANI/gel-AgCl composites. The room-temperature electrical conductivities of PANI/AgCl, PANI/gel-AgCl-1, PANI/gel-AgCl-2 and PANI/ gel-AgCl-3 were found to be 0.22, 0.33, 0.82 and 2.04 S cm -1 , respectively. The conductivities of PANI/gel-AgCl composites were much higher compared to PANI/AgCl. The incorporation of gelatin induced the more oriented growth of PANI over AgCl-embedded gelatin and increased its crystallinity and also inhibited the agglomeration of AgCl and PANI for a more uniform composite, further it also facilitated the contact and transport of electronic charges between PANI and AgCl nanoparticles embedded on its surface their-by improved electrical properties of gelatin incorporated PANI/AgCl composites. The conductivity was also increased by the increase of AgCl concentration in the PANI/gel-AgCl composites due to supplementary effect of AgCl for transport of electronic charge. The increase in the conductivity among PANI/gel-AgCl composites was due to the increase of AgCl concentration, while the increase in the conductivity among PANI/gel-AgCl and PANI/AgCl is due to the more template effect of gelatin which will induce the more oriented and crystalline growth of PANI, their-by increased conductivity. 20, 21 By increasing the temperature from room temperature to 425 K, the conductivity of PANI/AgCl and 
PANI/gel-AgCl composites was also increased as 0.47, 0.705, 1.76 and 4.41 S cm -1 for PANI/AgCl, PANI/gel-AgCl-1, PANI/ gel-AgCl-2, and PANI/gel-AgCl-3 composites, respectively. The increase in conductivity with temperature is the property of semiconducting materials. The conductivities of the PANI/ AgCl and PANI/gel-AgCl composites increased by temperature confirm the semiconducting behavior of the composite materials, characteristic of PANI. The increase of temperature assists the flow of charge carriers, inducing an enhancement of the conductivity. Figure 6 (b) shows log conductivity with inverse temperature for PANI/AgCl and PANI/gel-AgCl composites. In general, σ can be expressed as: σ = σ o exp(-E a /kT) ; where σ o is the maximum conductivity and E a is the activation energy. The slope of the curve was obtained using the plot of logarithmic conductivity vs. inverse temperature of polymer composites to obtain the activation energy (E a ) values as shown in Figure  6 , respectively. The variation of conductivity with temperature depends on the chain length of polymer and E a values. Higher E a values implies higher potential barrier and lower E a values implies lower potential barrier in the conduction process.
Conclusions
PANI/gel-AgCl composites were successfully synthesized by in-situ polymerization of aniline hydrochloride using ammonium persulfate as an oxidant in the presence of gelatin and silver nitrate. PANI/gel-AgCl composites were formed with uniform morphologies without agglomeration and good crystallinity. Surface morphological studies suggested that there is a conjugation between the PANI polymer and AgCl embedded on the surface of gelatin fibers. Conductivity of PANI/AgCl was increased by the incorporation of gelatin resulting in enhanced conductivity for PANI/gel-AgCl compared to PANI/AgCl. The results show that gelatin has an active role in the enhancement of the conductance of the PANI/ gel-AgCl composites because the gelatin enhances the interconnection between PANI and AgCl. The synthetic approaches discussed here may be expanded to create more versatile nanocomposites with a broad selection of other inorganic nanoparticles for obtaining better and wider ranges of applications. The new composites may also benefit the development of new applications for biomaterials in molecular electronics and other fields.
